Plug-in Electric Vehicles (PEVs) are gaining popularities as an alternative vehicle since the past few years. 4
Introduction

Mathematical formulation and constraints 21
The objective function (F) of the coordination is constructed based on three factors as in (1):
Where w 1 ,w 2 and w 3 are the weighting factors for each of the objective function. The total daily power 23 loss and, the charging cost for each PEV should be minimized while distribution system capacity is maximized. 24 The values of all the objective functions are transformed into the same range: [0,1]. 25 The first objective function (f 1 ) is to minimize the daily power loss (P loss ) which can be represented by 26 equation (2).
Where I b,i is b th branch current at timeslot i and R b is branch resistance. 28 The second objective (f 2 ) is to maximize the power delivery to the PEV. The maximization of power 29 delivery can be done by connecting maximum number of PEV at time t while the maximum demand constraint 30 is strongly maintained. f 2 is represented by equation (3). 31 f 2 = P max DS /(P P EV que − P P EV conn ) (3)
Where,P max DS is the maximum distribution system capacity. P P EV que is the total required power for the 1 PEV which are waiting to get charge at i th timeslot. P P EV conn is the total power required by the PEV which 2 are selected through the optimization to connect at i th timeslot. RE k is the required energy and RT S k is the 3 required time to obtain full charge for k th PEV. N is the total number of PEV and N P EV is the number of 4 PEV that are selected for charging at i th timeslot. 5 The third objective (f 3 ) is to minimize the charging cost for all PEV connected to the distribution system. 6 The cost minimization is forecasted based on ToU tariff while the total required charging cost is forecasted for 7 each PEV and calculate total cost for entire system. f 3 is represented by equation (4).
Where,RE k is the total amount of energy and RT S k are the required number of timeslot (5 minutes 9 each) to achieve the expected state of charge from initial state of charge for K th PEV respectively. CT S k is 10 the timeslot when PEV starts to get charge. T oU i is the electrical tariff at i th timeslot and N P EV represents 11 the PEV numbers that are selected through the optimization to connect at the respective timeslot.
12
The total energy (RE k ) , needed for each PEV is determined by considering each PEV charger efficiency 13 which is presented as: The proposed strategy aims to simultaneously reduce power loss during the PEV charging operation and charging 4 cost of PEV while the distribution system capacity is maximized. In this work, the real-time PEV charging 5 coordination is developed by employing Binary particle swarm optimization (BPSO) and analytic hierarchy 6 process (AHP) is employed to find out the suitable weighting factors for each objective function in (1). The 7 proposed PEV charging coordination can be implemented in smart distribution grid system as illustrated in of EV charging scheduling that required binary form; "1" refers to charging while "0" indicates off-charging 14 status respectively. Moreover, it is proven that with respect to other optimization techniques, BPSO offers 15 better optimal solutions with limited number of parameters [23].
16
Each particle velocity and position in d-dimensional space, can be expressed by equation (11) to (13) 17 respectively.
Where, r 1 and r 1 are two distinct random values, W is the inertia weight,C 1 and C 2 are two acceleration 19 coefficients. vel t d and x t d are the particle velocity and position respectively at time t. 
Where, sig(V el t+1 d ) is a logistic function transformation and φ is a quasi-random number between '0' 2 and '1'. qualitative comparison of criteria systematically. In this paper, three level of AHP are adopted in the decision-9 making process. The first level of hierarchy is to determine the best combination PEV chargers while the second 10 level is to select the criteria. In this work, power loss, maximizing distribution capacity and cost of charging 11 are considered as the criteria. It is worthy to mention that; the sum of criteria weight value is '1'. In third 12 level, the available alternatives are analyzed which depends on the number of population in the optimization.
13
Moreover, the sum of alternative weight value is '1'. The calculation of weighting factor for each criterion using 14 AHP is follows:
15
A pair-wise comparison judgement matrix (P M criteria ) is represented in equation (14). It is derived for 16 criteria based on power loss C ploss , distribution capacity C M capacity and cost of charging C cost .
To calculate the weights for each criteria, the approximate method is applied instead of exact method 18 due to its simplicity [26] . The normalization matrix (N M criteria ) is derived from the comparison matrix from 19 (15) and (16):
Where, i=1, 2, 3 represents the number of criteria in rows. From this normalized matrix, the weighting 22 factors ( w 1 ,w 2 and w 3 ) are calculated by averaging value of each row using the following equation.
value. The optimization process stops when it reaches the predefined maximum iteration number.
23
Step 8: Finally, the charging decision is sent to each PEV through the smart grid communication 24 infrastructure. Now set the timeslot t=2, sorts out those PEV which failed to connect and arrived in the 25 current timeslot.
26
The proposed PEV charging coordination steps are summarized in flow chart of Figure 2 .
27
It is worthy to mention that once the PEV starts to charge from the grid, it will continue until it reaches 28 required level of SOC. However, if the total residential load reaches to the maximum distribution system 29 capacity in any timeslot, the PEV charger that in used will be disconnected. Then, these PEVs are prioritized 30 for reconnection charging once the residential load becomes lower then maximum distribution system capacity. The proposed PEV charging coordination approach has been simulated in MATLAB and the following assump-33 tions and case studies are considered. Total system power loss [kW] Hour In addition, the power loss of entire system is shown in Figure 5a , where this is clear that the random PEV 1 charging activities severely increased the power loss during the peak hour of the day. Furthermore, the total 2 power consumption of the distribution system is extremely high at the peak hour. From Figure 5b , it is shown 3 that for 63 % and 47 % PEV penetration, the distribution system is overloaded in view of system capacity.
4
During lower PEV penetration (32 % ) the distribution system is also overloaded. Moreover, the total PEV 5 charging cost is found to be unexpectedly high throughout the uncoordinated charging activities. As can be 6 seen in Table 1 column 5, the total PEV charging cost is $1250 at 63 % penetration and $941 at 47 % penetration 7 which leads the running cost to be extensively high. The test results for case 2 are presented in Table 1 . Since the charging tariff is not considered, the optimization 3 problem has only two objective functions. A greater weighting factor w 1 =0.7 is assigned for objective function 4 and w 2 =0.3 is assigned for objective function to provide more concession to the utility. It has been found 5 that, the entire power loss across all penetrations are significantly reduced ( to the charging coordination of PEV, the voltage profile is found better as shown in Table 1 column 3. As a 10 consequence of the coordination, the total charging cost is reduced in all penetration levels, even though the 11 charging cost is not considered in optimization fitness function. The total charging cost has been reduced from 12 the uncoordinated scenario. In Table 1 column 5, the total charging cost for one day in the studied system 13 is presented for each penetration level. As can be seen, the optimization algorithm has decreased the total 14 charging cost. For instance, in 63 % PEV penetration, the charging cost is from $1250.54 to $1082.24, that is, 15 13.45 % reduction. In case 3, all three objective functions are considered. Since there are three different objective functions in 19 the optimization procedure, it is important to determine the weighting factors for each objective function. In 20 this paper, AHP decision-making method was employed to determine suitable weighting factors using equations 21 (14-17). Simulations are carried out and the test results for case 3 are presented in Figures 6a, 6b and Table 1 .
22
The weighting factor for each objective function is determined as w 1 =0.6196, w 2 =0.1560 and w 3 =0.2243. Prior to that the pair-wise comparison judgment matrix based on the Saaty's pair-wise comparison scale [26] for three criteria are determined and presented in as following:
The consistency of the pair-wise comparison judgement matrix is checked following the process described 23 in [26] . Finally the value of CR is found 0.0942.Since the value of CR is less than 0.1 there is no inconsistency 24 in the pair-wise comparison judgement matrix. Therefore, this overall analysis of AHP is acceptable.
25
In order to proof the suitability of the chosen weighting factors from AHP method, a comparison is 26 conducted with randomly chosen weighting factor w 1 =0.5000, w 2 =0.2500 and w 3 =0.2500 and equal weighting 27 factor, which is w 1 =0.3333, w 2 =0.3333 and w 3 =0.3333. The compared results are presented in Table 2 . From 28 Table 2 , it is found that the PEV charging cost is less although the power loss is higher when all weighting 29 factors are equal . In case of random weighting factor power loss is reduced little bit but charging cost is high.
30
On the other hand, when AHP is applied, minimization of power loss has the maximum weight and it reduced 31 power loss significantly. However, the PEV charging cost is found a little higher while minimization of power 32 loss gets priority.
In case 3, power loss is slightly increased compare to case 2, since this case focuses on PEV charging cost 1 ( In this research, the proposed algorithm is executed in every timeslot consisting of 5 minutes (total 1 288 timeslot in a day). In every timeslot, when the algorithm detects any full charged PEV, that PEV will 2 be disconnected. Then, any new arrival PEV will be considered by the algorithm. Thus, the number of PEV 7  10  13  16  19  22  25  28  31  34  37  40  43  46  49  52  55  58  61  64  67  70  73  76  79  82  85  88  91  94  97 of the method are possible to be analyzed and compared. The following Table 3 summary the features of 4 different PEV coordination methods and the proposed method. In general, the proposed method had considered 5 technical, financial benefit, different charger capacity and suitable weightage for multi-objective optimization.
6
With this consideration, the proposed method produced more realistic result that not only optimize charging 7 coordination, but also benefited the PEV users in terms of minimize charging cost. A multi-objective PEV charging coordination is proposed to improve distribution system performance along 10 with the benefits of PEV customer. The coordination is made in near real-time (5 minutes interval) of randomly 11 arrival PEV in residential distribution system. The weight for each criterion in multi-objective is determined by 12 using AHP decision making approach. The algorithm determines the timeslot for each PEV charging based on 
